This paper explores the role of speculation and economy fundamentals in the oil market using a twocomponent GARCH-MIDAS model. Particularly, the authors highlight the different role played by changing oil shocks on short-term and long-term components in terms of oil market volatility. The results show that the global demand shock is the only one factor found to be positive and significantly increasing long-or short-term oil volatility in the full sample. This is consistent with a classic host advocating that global demand dominates the oil market. However, impacts of other oil shocks are significantly weakened and even reversed since the year of 2004. In particular, the speculative demand shock plays a role in stabilizing long-term oil volatility during the post-2004 period. The results also suggest the existence of asymmetric impacts on the short-term oil volatility, particularly for shocks from oil supply, oil specific and oil speculative demand.
Introduction
Although the question as to whether fundamental factors actually anticipate changes in oil market volatility dates back to 1970s, the last run-up in oil prices since 2004 has put this issue back into the spotlight. Recent examples are Kilian (2009) Juvenal and Petrella (2014) show that while global demand shocks account for the largest share of oil price fluctuations, speculative demand shocks are the second most important driver. These statements illustrate the acrimonious and heated nature of the public policy debate surrounding the role of index funds and economy fundamentals in oil markets. Even though over seven years have passed since the 2008 peak in commodity prices, the controversy surrounding the speculation activity and huge demand from emerging economy continues unabated. Therefore, this has led to an intense research effort to assess the role of fundamentals and speculations as drivers of volatility in oil prices.
To explore these questions, this paper complements the existing literature by employing the GARCH-MIDAS framework suggested in Colacito et al. (2011) and , which enables us to directly identify the role of the speculation activity and economy fundamentals as drivers of the secular component of oil market volatility. Previous researches mainly focus on only one aspect of them while a combined consideration is still limited. In line with Kilian and Murphy (2014) , the role of the speculation activity and economy fundamentals are identified as different types of oil shocks, namely, oil supply, oil-specific demand, global demand and speculative shocks.
Our contributions can be summarized as follows. First, we provide a detailed exploration of the relationship between various oil shocks and oil market in terms of volatility in a unified framework. To our best knowledge this is the first paper concentrating on the effect of various oil shocks in terms of volatility. Admittedly, the effect of oil shocks on oil market in terms of return or price level have been studied extensively, although with controversial results (Einloth 2009; Kaufmann, 2011) , while relatively little attention has been paid to the level of volatility which should be paid the attention it deserves.
Second, we jointly model the dynamic volatility structure in oil prices. By employing the GARCH-MIDAS framework, we decompose the oil volatility into its short-run (conditional) and long-run (unconditional) components, where the latter is affected by oil shocks. This identification strategy adopted to isolate the long-and short-term components of oil market volatility is novel in the oil literature, as is the use of the GARCH-MIDAS model for this purpose. We also highlight the different role played by changing oil shocks on short-term and long-term dynamics.
Thirdly, previous analyses (e.g., Kilian and Murphy, 2014) of the relationship between the oil returns and the oil shocks are mostly limited on monthly frequency data. However, the GARCH-MIDAS delivers a flexible methodology allows jointly modeling the daily observations of oil returns with data on oil shocks recorded at a lower frequency, in general monthly, in order to examine directly the oil shocks' impact on the oil volatility.
The remainder of the paper is structured as follows. Section 2 describes the model and the estimation procedure. Section 3 reports the data and shocks identification strategy. We report the results of the study and of our robustness checks in Section 4, while Section 5 concludes.
The GARCH-MIDAS model
To evaluate the role of different oil shocks on long-term volatility of spot oil price, we rely on the GARCH-MIDAS (mixed data sampling) model. The GARCH-MIDAS is attributed to the combine insights from Engle and Rangel (2008) and the work on mixed data sampling (MIDAS), as in e.g. Ghysels, Santa-Clara, and Valkanov (2005) 1 . The model uses a mean reverting unit daily GARCH process, similar with Engle and Rangel (2008) , and a MIDAS polynomial that applies to lower frequencies macroeconomic or financial variables.
In our case, this model enables us to induce the monthly measures of oil supply shocks, as well as oil demand shocks which includes demand driven by economic activity, oil-specific demand, and the speculative oil demand shocks, directly into the specification of the long term component of daily spot oil returns. A log version of GARCH-MIDAS model can formally be described as below. Assume the spot oil return on day i in month t follows the following process:
, 1,~( 0,1) consider fixed span specifications and take a monthly frequency:
where t l X − is the level and of different oil shock. To complete the model, we need to specific the weighting scheme which called Beta weights for Equation (4) as defined in Engle et al. (2013) , namely:
The weight attached to past oil shocks will depend on the parameters 1 w w > , past oil shocks will gradually get less and less weight. The larger 1 w , 2 w , the faster the decay.
Data and shocks identification

Identifying oil shocks using sign restrictions
The analysis in this paper, builds on the structural oil shock, which is a vector of four oil price shocks (namely, supply-side shock, aggregate demand shock, specific demand shock and speculative demand shock). (Table 1) 3 .
[Insert Table 1 here]
The first three shocks are proposed in the earlier work of Kilian (2009) The fourth one is the speculative-demand shock. Since the financialization of commodity markets, the coincident increase in oil prices and speculators in crude oil futures market has led to allegations that "speculators" drives crude oil prices. In the work of Kilian and Muphy (2014) and
Kilian and Lee (2014), they refer to such a shock as a speculative demand shock in the spot market for crude oil, which is constructed by scaling U.S. crude oil inventory data by the ratio of OECD petroleum inventories over U.S. petroleum inventories. This focus on above-ground crude oil inventories is consistent with conventional accounts of speculation involving the accumulation of oil inventories in oil-importing economics. Hamilton (2009) and Alquist and Kilian (2010) argue that any expectation of a shortfall of future oil supply necessarily causes an increase in the demand for above-ground oil inventories and hence in the real price of oil. Kilian and Lee (2014) also empirically observe that this proxy based on readily available EIA data is likely to be accurate.
Therefore, in order to distinguish speculative demand shocks from other shocks in practice, we follow Kilian and Lee (2014).
Data
The spot price for crude oil (US dollars per barrel) is provided by the Energy Information Administration (EIA). We employ daily data over the period from Kilian and Murphy (2012, 2014) in using the data for total U.S. crude oil inventories provided by the EIA due to the lack of data for other countries. These data are scaled by the ratio of OECD petroleum stocks over U.S. petroleum stocks for each time period.
[Insert Figure 1 here]
Effects of oil shocks on the long/short-term volatilities of oil price
In this section, we examine the impacts of different types of oil shocks on oil market volatilities. Our analyses mainly focus on two aspects. Firstly, we investigate the long-term and Empirical results are reported in Table 2 -5 and long/short-term volatility components are shown in Figure 2 . In order to make it clear expressed, the responses of oil price volatility to different types of oil shocks are summarized in Table 6 . Table 2 provides parameter estimates for GARCH-MIDAS with oil supply shocks. In each case, we set one, two and three years of lags respectively.
Effects of oil supply shock
[Insert Table 2 here]
The results in the table show that the parameter u and m are both insignificant in all cases while the estimated α , β and g parameters are highly significant. The sums of α , β and weighted average cost of all oil imported into the US, as its "world oil price". The most interesting parameter is the slope parameter θ in Equation (3) Table 2 that the weighting function in Equation (5) Table 2 , all the parameter estimates for θ are insignificant when we take one, two and three years of lags for the full sample. It is interesting to note that impact of oil demand shock on oil volatility behaves much different and even contrary before and after the financialization of commodities.
Next we turn to the impact of oil supply shock on short-term oil volatility. 7 . The most striking result is about its asymmetry as oil price moves up and down. The estimated parameter u is 5 Note that, the parameter g for the full sample and α for the 2004-2015 sample is insignificant in results as shown in Table 2 . The sum of α , β and 2 g is calculated with the significant values only. (2015) who argue that there is very little support for asymmety in the response of economic activity to oil price increases and decreases, we provide evidenct that oil price increases and decreases matters for the asymmetric impacts of economic factors on short-term oil volatility.
Effects of oil speculative demand shock
In this section, the contribution of specific oil demand shock to long/ short-term oil volatility is examined. The estimation results are shown in Table 3 .
[Insert Table 3 suggesting that oil speculative demand shock would decrease more oil volatility when oil price decreases.
In short, our results provide evidence that speculative activities may stabilize the oil price, which complement the existing evidence that offer on support for the Masters Hypothesis 8 .
Compared with oil supply shock, a noteworthy fact is that the impact of oil-speculative demand shock on oil volatility is much similar with that of supply shock as discussed in Section 4.1. To explain this, we firstly turn to the definition of speculation. The most general economic definition of speculation is provided in Kilian and Murphy (2014) who note that anyone buying crude oil not for current consumption, but for future use is a speculator from an economic point of view. Therefore, oil speculative-demand is expected to be associated with oil supply closely since oil speculative demand would driven by poor supply of oil. 9 After 1973, when supply became restricted, the long-run relationships between oil inventories and the real price would be a function of the flexibility of oil supply in the future (Dvira and Rogoff, 2014). Supportive evidence can also be seen in the work of Kilian and Lee (2014) who find evidence that speculation may drive up the real price of crude oil in the physical market in the episodes with instability of oil supplies from the Middle East. An available explanation is that speculation may be conducted by oil producers who have the option of leaving oil below the ground in anticipation of rising prices, and this accumulation of below-ground inventories would be equivalent to a reduction in flow supply.
Effects of specific oil demand shock
In this section, the contribution of specific oil demand shock to long/ short term oil volatility is examined. The estimation results are shown in Table 4 .
[Insert Table 4 here]
Focusing on the long-term volatility, impact of oil specific demand shock behaves differently in the two sub-periods in terms of significance. For the post-2004 sample, oil specific demand shock shows significant impact on the long term oil volatility. For example, parameter θ is statistically significant with a value of -4.5618 with one-year lags and -5.3157 with 2-year lags.
Note that θ is negative for the post-2004 sample, which suggests that oil specific demand shock would decrease oil volatility. Particularly, a specific oil demand shock at the current month would contribute to -0.013 decrease of oil volatility in next month. Turning to the top panel of Table 4 , the impact is negative and significant for the full sample and looking at the sub samples we
observe that this appears to be mainly due to the financialization of commodity markets.
With respect to the impact of global demand shock on short-term oil volatility, there is also It should be mentioned that the empirical result for oil specific shock is much similar with that of oil supply shock or speculative demand shock. Evidence shows that these oil shocks enhance oil volatility during the pre-2004 period. Moreover, empirical results also suggest that the three oil shocks tend to decrease more short-term oil volatility when oil price decreases rather than oil price increases. Table 5 provides parameter estimates for GARCH-MIDAS with global oil demand shock.
Effects of oil global demand shock
There are two observations can be derived from the estimation results in Table 5 .
[Insert Table 5 period. It means that the impact of global demand shock on short-run volatility would be larger when oil price decreases rather than oil price increases.
[Insert Table 6 here]
[Insert Figure 2 here]
Conclusion
In this paper, we aim at assessing the role of fundamentals and speculations, which have In addition, our results also suggest the existence of asymmetric impacts on the short-term oil volatility, particularly for shocks form oil supply and oil specific/speculative demand. This asymmetry assumes that oil shocks tend to have larger affection on short-term oil volatility when oil price decreases rather than oil price increases. This result provides evidence for the argument that oil price increases are much more important than oil price decreases. (3)- (5) with X being the oil supply shock; the value in parenthesis refers to the standard deviation. We take the lags for 1, 2, 3 years respectively. *** , ** and * indicate significance at 1%, 5% and 10% levels. (3)- (5) with X being the global demand shock; the value in parenthesis refers to the standard deviation. We take the lags for 1, 2, 3 years respectively.
*** Table 2 -5. The "+" indicates that oil shock would increases oil price volatility. The "-" indicates that oil shock tends to stabilize oil price. The "++" indicates that global demand shock has a larger impact for the pre-2004 period than other periods. 
